Background: knowledge about the distribution of Escherichia Coli (E. coli) pathotypes in Iran is 21 limited to studies with small scale and limited scope. This nation-wide survey aims to provide a 22 more generalizable estimate of pathogenic E. coli distribution in Iran. 23 acute diarrhea cases of 15 provinces. Culture-positive E. coli samples were tested with PCR for 25 detection of five E. coli pathotypes (STEC, ETEC, EPEC, EAEC, and EIEC). Frequency of these 26 pathotypes was estimated for different provinces, age groups, and months/seasons.
Introduction 61 Diarrheal diseases are among major cause of illness and death, especially among children (1) . 62 Deaths are mainly caused by loss of water and electrolytes resulting from intestinal 63 malabsorption or increased secretion (2) . Although the condition is considered as a major 64 health concern worldwide, its prevalence and adverse effects are more prominent in lower 65 income and less developed countries. Projections have estimated that by 2030, diarrheal 66 diseases remain as one the top 10 causes of death in low income countries (1) . 67 Escherichia coli (E. coli) is a gram-negative bacterium found naturally in the intestinal tract of 68 human. A subset of E. coli is capable of causing diarrheal disease (known as diarrheagenic E. Coli 69 [DEC]), with some of its strains leading to severe diarrhea and even death. Different DEC strains 70 (known as pathotypes) have been determined relatively recently, including Shiga toxin- 71 producing E. coli (STEC), enteropathogenic E. coli (EPEC), enterohemorrhagic E. coli (EHEC), 72 enterotoxigenic E. coli (ETEC), enteroaggregative E. coli (EAEC), enteroinvasive E. coli (EIEC) and 73 diffusely adherent E. coli (DAEC) (3) . 74 The main virulence factor of STEC is a phage-encoded potent cytotoxin. The cell toxicity effect 75 of this pathotype was also demonstrated on Vero cells, resulting in a parallel nomenclature of 76 Shiga/Vero toxin-producing E.coli (STEC) and VTEC, respectively (4) . ETEC is characterized by its 77 ability to elaborate the heat-stable and/or heat-labile enterotoxins, and is noted to be the 78 major cause of travelers' diarrhea globally (5) . Like many strains of STEC, EPEC harbors the Eae 79 gene, encoding the outer membrane protein "intimin". This enables both pathotypes to attach 80 epithelial cells of the intestinal tract (6) . STEC are distinguished from EPEC strains by harboring 5 81 the Shiga toxin-encoding gene. While EPEC strains lack chromosomal Shiga toxin-encoding 82 genes, they harbor the EPEC adherence factor (EAF) virulence plasmid, which encodes the Bfp 83 fimbriae. EAEC is recently defined as a DEC, and is increasingly reported in lower income 84 countries (7) . Recent identification of virulence factors under the control of the AggR regulator 85 have categorized EAEC among diarrheal pathogens (8) . EIEC are closely related to Shigella 86 species, in terms of their biochemical and physiological properties and their genetic structure. 87 Both Shigella and EIEC encode common putative virulence genes and secret toxins that allow 88 these pathogens to invade intestinal tract mucosa, move within epithelial cells, and penetrate 89 neighboring cells (9, 10) . 90 Existing evidence suggest a location-specific distribution of E. coli pathotypes. For example, 91 some of the serotypes of STEC, including O157:H7, are well recognized in the United States and 92 Canada as the major cause of hemolytic uremic syndrome. The non-O157:H7, however, is 93 prevalent in Latin America, Australia, and Europe. ETEC is characterized as a major cause of 94 travelers' diarrhea, in almost all parts of the world (5) . In Iran, very limited data is available 95 about the existence and distribution of DEC in human. This may be the result of the paucity of 96 large-scale and well-designed systematic epidemiological studies, and the absence of a 97 surveillance system (11) . For example, many of the available studies have focused on infants 98 and children under 5 years of age (12) (13) (14) (15) (16) (17) . The very few studies conducted on adolescents and 99 adults are limited to small samples, few geographical areas, and limited E. Coli pathotypes (18-100 21). The sampling procedure in all studies available from Iran is non-probabilistic. The sampling 101 location of most available studies is also limited to one city. These factors limit the 102 generalizability of the findings of existing studies. 6 
103
Given current knowledge gap, we performed this nationally-representative survey to elucidate 104 the role of five E. Coli pathotypes in the epidemiology of diarrheal diseases, and to provide 105 more recent estimates of the prevalence of DEC pathotypes among adults and children of Iran. 106 It is hoped that the results of this survey be used for policy making for diarrhea management in 107 Iranian population and provide a basic insight for vaccine design. The study population consisted of all Iranian nationals who were residents of target provinces 120 of Iran and referred to the primary health centers with a chief complain of acute diarrhea (with 121 or without bleeding). Acute diarrhea was defined as the acute onset of liquid and watery bowel 122 movements more than 2-3 times a day. In order to identify the real distribution of E. coli in 123 selected provinces, we excluded patients who reported to travel out of the province in the past 124 two weeks. We also excluded diarrhea cases that were under chemotherapy, antibiotic therapy, 125 or corticosteroid therapy as well as all immunologically compromised patients. Patients with 126 chronic diarrhea were not included either. STEC: was detected in all investigated provinces (Fig 1, Panel B constituted 52.7% of all identified pathogenic E. coli (S1 File, Table S2 ). The highest frequency of 223 STEC was seen in Fars province (S; 72.5%). On the other hand, Esfahan had the lowest 224 frequency of STEC (C; 5.5%; Fig 1, Panel B and S1 File, Table S2 ). At the city-level, STEC was 225 detected in 33 out of 43 sampled cities (76.7%). In the majority of these cities (n= 21; 63.6%), 226 STEC was also the predominant pathotype (Fig 2 panel A, isolates was quite lower than STEC (Fig 1, Panel C) . With an estimated frequency of 14.0% (95% 233 CI: 11.9, 16.3%), ETEC was identified as the second most frequent pathotype. ETEC constituted 234 20.8% of all identified pathogenic E. coli (S1 File, Table S3 ). At the provincial level, Esfahan 235 province (C) had the highest ETEC frequency (31.4%), while Fars province (S) had the lowest 236 frequency (1.6%) for this pathotype (S1 File, Table S3 and Fig 1, Panel C) . At the city-level, ETEC 237 was detected in 29 out of 43 cities (67.4%), and was the predominant pathotype in 9 of them 238 (Fig 2 Panel B, identified 'pathogenic E. coli' (S1 File, Table S4 ). The highest frequency of EPEC (31.0%) was 242 observed in Khuzestan province (SW). This pathotype was not observed in Esfahan province (C).
243
Its frequency among E. coli-positive samples was also less than 5% in three provinces, including 244 Razavi Khorasan (NE; 4.3%), Gilan (N; 4.0%), and Semnan (CN; 1.2%; S1 File, Table S4 and 
247
EAEC: was not highly prevalent in Iran (4.3%; 95% CI: 3.1, 5.8%). This pathotype also constituted 248 a small proportion of all identified pathogenic E. coli (6.5%; S1 File, isolates, and five provinces did not identify this pathotype at all (S1 File, Table S5 and Fig 1, 252 Panel E). At the city level, EAEC was detected in 19 out of 43 cities (44.2%). However, in most of 253 these cities (n= 13) only one EAEC isolate was detected (Fig 2, Panel D, and S2 File).
254
EIEC: was a rare pathotype in Iran (Fig 1, Panel F) . Only three EIEC strains were identified in our 255 sample, which yielded an overall frequency of 0.3% (95% CI: 0.1, 0.9%; S1 File, Table S6 ). The three positive strains were detected in Sirjan (SE; 0.9%), Andimeshk (SW; 0.6%), and Semnan 257 (CN; 0.2%) cities (Fig 2, Panel E, and S2 File).
258
Temporal variation in the prevalence of E. coli pathotypes 259 STEC was more prevalent during summer and fall, and ETEC usually showed a pick during spring 260 and summer. Notifiable seasonal trends could not be observed for other pathotypes, probably 261 due to very few samples (Fig 3, Panel A) . Analysis of monthly trends showed a pick for STEC 262 frequency in March and a pick for ETEC frequency in June. Notifiable monthly trends could not 263 be identified for other pathotypes, probably due to very few samples (Fig 3, Panel B ). Our 264 results also showed that E. coli pathotypes were generally more frequent in warmer (i.e., spring 265 and summer) than cooler seasons (i.e., fall and winter). However, the difference was not 266 statistically significant (69.1 vs. 65.9%, P value= 0.321). This seasonal pattern was observed for 267 the ETEC pathotype and the seasonal trend was also statistically significant (17.6 vs. 11.3%, P 268 value= 0.047). The same pattern was observed for EAEC and EIEC pathotypes, as well. However, 269 the observed seasonal difference was negligible in size and was not statistically significant for 270 these pathotypes. A reverse seasonal pattern was observed for STEC and EPEC, in a way that 271 they were more frequently detected in cooler seasons than warmer seasons. The difference, 272 however, was small in size and was not statistically significant (Fig 3, Panel C) . The S3 File 273 provides further details on the seasonal trend of five pathotypes in different provinces 274 investigated in this study. pathotypes were more frequently detected in warmer than cooler seasons but the difference was not 284 statistically significant (P value= 0.321). This pattern was observed for the ETEC and EAEC pathotypes 285
and was statistically significant for ETEC (P value= 0.04). STEC and EPEC were more frequently detected 286 in cooler than warmer seasons but the difference, was negligible and not statistically significant.
288
Age-specific prevalence of E. coli pathotypes 289 The highest frequency of pathogenic E. coli infections was observed in infants and children of 1- STEC was the predominant pathotype in our sample, both at the national and provincial levels. 308 STEC was also the most prevalent pathotype in infants and children under five years of age. 309 Historically, STEC is among one of the first E. coli pathotypes isolated in Iran. The first report of 310 this pathotype in Iran was published in 1998, where 2008 fecal samples were randomly selected 311 from the general population of Ilam province (western Iran), and resulted in a prevalence of 312 4.9% for this pathotype (23) . In a similar study conducted a few years later in the general 313 population of two Northern provinces of Iran (Golestan and Mazandaran), the prevalence was 314 estimated at 0.7%, which was quite lower than that reported from Ilam province (24) . Both 315 studies used cytotoxic methods for identification of STEC pathotypes in the Vero cells. The 316 heterogeneity observed in the prevalence of STEC in these studies is consistent with our results, 317 as we observed a considerable amount of heterogeneity in DEC frequency between 318 investigated provinces (see Fig 1 and 2). Regional heterogeneity in the distribution of VTEC have 319 been reported in other countries as well (25, 26) . It has been well acknowledged that STEC 320 pathotype has a strong negative association with age, with children under the five years of age 321 being more susceptible to the infection. Therefore, the heterogeneity of STEC prevalence 322 observed between 15 provinces investigated in this study could be attributed to heterogeneous 323 age distribution in samples collected from these provinces. 324 Frequency of STEC pathotype in diarrheal children under five years of age was estimated at 325 7.8%, which is quite lower than similar estimates available from Iran (27) (28) (29) (30) (31) . Molecular tests 326 were used as the diagnostic method in all these studies. These results suggest that factors other 327 than age also predict the extent of E. coli pathotype infection in the communities. In a study in 328 Brazil that hierarchically analyzed data from 3725 children less than five years of age, 329 Vasconcelos, et al. reported that environmental factors associated with the geographical area 330 of residence, number of people per room, maternal age, and the age of the child are the factors 331 that independently associate with diarrhea in the children (32) . A similar study conducted later 332 in Kenya (2013), reported that hand hygiene of the care-givers and the child, drinking untreated 333 water from the river and lack of exclusive breastfeeding were significant predictors of child 334 diarrhea (33) . These factors would not be homogenous across provinces of Iran, and may justify 335 the observed heterogeneity between different provinces and difference studies in the country. 336 ETEC is more prevalent in developing countries and is a major pathogenic strain in travelers' 337 diarrhea. This is consistent to our results, because ETEC was the second most prevalent 338 pathotype in our study. This pathotype, however, had a moderate prevalence among children 339 less than five years of age who participated in our study. Its prevalence was highest among 340 adolescents and adults. Isolation and detection of ETEC is more difficult than other DEC strains, 341 which makes it more difficult to isolate and detect it in the fecal samples of children and infants 342 with diarrhea (16) . 343 EPEC was the third most frequent pathotype in our study. It was also highly frequent in children 344 under five years of age. EPEC is known to be among major causes of diarrhea in children, 345 especially those under two years of age, with a prevalence of about 5-10% (34 hospitalized in children's hospitals of Tehran (29) . The rate is considerably higher than our 370 estimates, and suggests that the prevalence of EAEC is higher in severe cases of diarrhea that 371 lead to hospitalization. The role of EPEC and EAEC in severe diarrhea, especially among young 372 children, would be an area that warrants further investigation. 373 There is no report on the prevalence and distribution of EIEC in Iran. As the first study in Iran, 374 we found a frequency of 0.3% for this pathotype. Two out of three identified EIEC isolates 375 identified in our study were detected in children less than five years of age. Human is the sole 376 reservoir for the EIEC pathotype. Its transmission also requires high load of the pathogen, which 377 decreases the chance of human-to-human transmission. Given these features of the pathotype 378 and the very low prevalence of this pathotype in our study (which possesses a representative 379 sample from Iran); it seems that infection with EIEC is a less important issue in Iran. 380 Our results showed that the overall frequency of pathogenic E. coli was higher in warmer 381 seasons than cooler seasons. This was also the case for the ETEC and EAEC pathotypes, but a 382 reverse pattern was observed for STEC and EPEC, in a way that their prevalence was slightly 383 lower during warmer seasons than cooler seasons. These results are in line with previous 384 studies in Mexico (41) and Kenya (42 sampling proportion of 1:2 for provinces. We also sampled provinces in a way that an even 396 distribution of sampled provinces is reached throughout the country. Our sampling also 397 covered a time interval of 12 months, providing the opportunity to assess the rate of DEC 398 pathotypes over a year. We hope that these attempts make the results more representative of 399 the distribution and frequency of DEC pathotypes in the country.
This study has also a number of limitations that need to be considered. Due to financial 401 constraints and large-scale nature of the study, we did not identify the serotype of isolated E. Iranians travel to other cities/countries. Therefore, diarrhea cases who refer to health centers 409 during April are usually a mix of travelers and the local people. Given that we did not aim to 410 study travelers' diarhea in this study, we did not include diarheal cases referred to health 411 centers during April. In order to provide a comprehension about DEC prevalence during April, 412 we intrapolated the trend in this period. We also did not include hospitalized diarrhea cases as 413 well as cases with chronic diarhea. So, the distribution of pathogenic agents responsible for 414 these types of diarrhea in Iran remains unknown and warrants future research. Finally, existing 415 prevalence studies in Iran are limited to few DEC strains, specific age groups, and limited 416 geographical areas. The sampling method as well as pathogen isolation techniques are also 417 heterogenous among these studies. These issues limited our ability to compare our results to 418 those of previous studies. So, we could not derive conclusions about trends in the prevalence of 
